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Abstract 

Problem Statement: Difficulties in the learning process usually emerge from 
the problem of mental representations constructed by students in their 
interactions with the world. This previous knowledge and these ideas are 
in contradiction with scientific facts, and are known as misconceptions or 
alternative ideas. Thus, an analysis of the mental models can provide very 
valuable information in understanding students' ideas and learning 
processes. 

Purpose of Study: The present study aims to determine pre-service physics 
teachers' understanding of and difficulties with spin concept via mental 
models, which can be drawn from students' reasoning both at 
introductory and advanced levels. 

Methods: In determining the participants, a purposeful sampling method 
was used so that the questions the study focuses on would be better 
illuminated. The qualitative data used in the study was gathered via 
interviews with the students. All of the interviews were conducted one on 
one by the researcher in the class environment. 

Findings and Results: The data gathered through interviews were analyzed 
both qualitatively and quantitatively, and the mental models formed by 
students about the concept of spin were determined. The categories 
codified as "mental models" reflect the mental models of students 
concerning the concept of spin and were categorized as "quantum model," 
"classical model," and "without any model." 
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Conclusions and Recommendations: As a result of this examination, it was 
seen that the students' models related to the concept of atom and the 
models related to the concept of spin show similarities. One of the main 
reasons for the occurrence of such similar thought processes was that 
students from both groups attribute classical meanings to these concepts 
(spin and atom). It was not by chance that students who know of the 
classical atom model (Bohr's atom model) also consider the concept of 
spin as the rotation of an object around its own axis. This case signifies to 
what extent their ideas about the structure of an atom is influenced by the 
atom models they learned in modern physics classes during their high 
school years. Therefore, it is necessary that the quantum model of atom is 
emphasized through modern atom theories and through the concept of 
probability, especially at the high school level, because the concept of 
probability is an important gateway that facilitates the transition from 
Bohr's atom model to the quantum atom model. 

Keywords: mental models, modem physics, spin concept, Turkish pre-service physics 
students 


Introduction 

Modern physics includes special learning difficulties and unusual conceptions. 
Therefore, it is regarded as one of the most difficult subjects to learn for both 
students and teachers (Bao & Redish, 2002; Johnston, Crawford & Fletcher, 1998; 
Singh, 2001; Strnad, 1981; Styer, 1996). Learning difficulties, a weak level of 
comprehension of modern / quantum physics, and misconceptions related to this 
domain have been studied quite widely (Cataloglu, 2002; Fischler & Lichtfeld, 1992; 
Ireson, 2000; Muller & Wiesner, 2002; Niedderer & Bethge, 1995; §en, 2002; Ozcan, 
Didi§ & Ta§ar, 2009). According to the constructivist model, learning is an active and 
target - oriented process. Thus, previous knowledge of the students as to what kind 
of information is true and how to interpret it fundamentally affects the learning 
process. Also, previous knowledge of students related to physical concepts is not in 
agreement with scientific knowledge and leads to learning difficulties (Duit, 1995; 
Treagust, Duit & Nieswandt, 2000). 

Difficulties usually emerge from the problem of mental representations 
constructed by students in their interactions with the world (Gentner, 1983; Greca & 
Moreira, 2000; Johnson-Laird, 1983). This previous knowledge and these ideas are in 
contradiction with scientific facts, and are known as misconceptions or alternative 
ideas. These types of studies introduce the term 'mental model' in science education. 
Therefore, Greca and Moreiro (2001) defined mental models as follows: 

Mental models are an internal representation, which acts out as a structural 
analogue of situations or processes. Its role is to account for the individuals' 
reasoning both when they try to understand discourse and when they try to 
explain and predict the physical world behavior, (p.108) 
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In other words, mental models are internal representations that act as the 
analogical structures of situations or processes. According to Greca and Moreira 
(2001), comprehension of a scientific theory necessitates the construction of mental 
models. Norman (1983), alternatively, points out that there is a simple and linear 
relationship between the conceptual model and the mental model. Thus, an analysis 
of the mental models can provide us with very valuable information in 
understanding students' feelings and learning processes (Park, 2006). If we want to 
teach students the concepts and qualities of the world that is composed of sub-atomic 
particles, we should avoid drawings and concepts based on classical physics laws 
that would make them construct wrong mental models or make comprehension 
difficult (Fischler & Lichtfeldt, 1992). Fischler and Lichtfeldt's approach to this can be 
summarized as follows: 

1. Reference to classical physics should be avoided. 

2. Bohr's model of the hydrogen atom should be avoided. 

3. The teaching should focus on the properties of electrons. 

4. The statistical interpretation of observed phenomena should be used, and 
dualistic descriptions avoided. 

5. Heisenberg's uncertainty principle should be introduced at an early stage. 
(Fischler & Lichtfeldt, 1992, pp. 183-4). 

A new teaching method has been developed based on the above-mentioned 
points by Fischler and Lichtfeldt (1992). It has been determined that students 
understand the concepts better with this new method. However, there are also 
several researchers completely opposed to this idea. Budde, Niedderer, Scott and 
Leach (2002a) claim that because Born's probability model does not correspond to the 
classical ideas they have constructed, the new model would not work. More 
importantly, they argue that this new teaching would trigger learning difficulties. 

During the literature search on this subject there has been no indication or 
mention of student learning or learning difficulties related to the concept of spin. The 
present study aims to (a) determine pre-service physics teachers' understanding of 
and difficulties with the concept of spin via mental models that can be drawn from 
students' reasoning both at introductory and advanced levels, and (b) add to 
literature concerning students' misunderstanding of the concept of spin in quantum 
physics. 


Method 

Research Design 

The survey method was used in the current study. Since the measurements were 
taken from groups at two different academic levels, this study is a cross - sectional 
study. Cross - sectional studies can be thought of as providing a 'snapshot' of a 
population at a particular point in time (Cohen, Manion & Morrison, 2007). In order 
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to determine the mental models, semi-structured interviews were conducted with 24 
introductory level students and with 25 advanced level students. As research 
findings, we summarized the students' responses to the concept of spin under three 
mental models according to the content analysis of the data gathered from the 
interviews. 

Participants 

The participants of this study consisted of students from two different academic 
levels: introductory level (IL) and advanced level (AL). All of these students came 
from different high schools that applied a common curriculum. In determining the 
participants, a purposeful sampling method was used so that the questions the study 
focused on would be better illuminated (Patton, 2002). To this end, 25 advanced level 
students, who successfully completed modern and quantum physics classes in which 
the concept of spin was comprehensively covered, were chosen for participation. All 
students in the advanced level group were those who had taken all of the modern 
physics, quantum physics, and statistical physics classes at the university level. The 
participants in this group consisted of 16 female and 9 male students between the 
ages of 21-24. Students in the introductory level had taken none of the modern 
physics, quantum physics, or statistical physics classes at the university level. 
Participants in this group consisted of 15 female and 9 male students between the 
ages of 17-19. All of the students in the introductory level had taken the modern 
physics class offered at the high school their senior year in which the Bohr atomic 
model was taught. 

Data Collection and Analysis 

The qualitative data used in the study was gathered via the interviews with the 
students. All of the interviews were conducted one on one by the researcher in the 
class environment. In order to prevent data loss, the interviews were recorded by an 
audio recorder. The average interview lasted 10-15 minutes. During the interviews, 
special attention was paid to make sure that the questions were clear and 
comprehensible, and the students were given enough time to answer the questions. 
Moreover, a pen and paper were provided for the students who wanted to draw. 

Four tasks were established in order to study the students' ideas about the 
concept of spin (provided in Appendix). Since the study was conducted through 
interviews, in order to make the interviews more comprehensive, in some cases some 
of the questions were asked in various different forms without changing the content. 
In order to ensure the internal validity of the interview questions, two physics 
education researchers examined them and considered their appropriateness for 
grade level and the research aims. 

Data gathered through the interviews were analyzed via the content analysis 
method, which is one of the qualitative research methods (Strauss & Corbin, 1990). 
By assessing the students' explanations of the concept of spin, categories were made. 
A series of coding procedures were developed in order to analyze the explanations 
made by the students. These codes are: 
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1. Classical Model: Explanations in which there are examples and drawings 
related to classical physics, given in order to explain the concept of spin. 

Example: Spin is the rotation of the particles around their own axis. 

2. Quantum Model: Explanations in which there are drawings related to 
quantum physics and that use concepts of quantum physics in order to 
explain the concept of spin. 

Example: Spin is an intrinsic property of sub-atomic particles, or is a quantity 
that stems from the internal symmetry of particles. 

3. Without any Model: Explanations that use concepts unrelated to the concepts 
of spin. 

Example: Spin is the charge of the electron or one of the quantum numbers. 

By way of analyzing the explanations made by the students about the concept of 
spin, three different categories were formed, "complete understanding," 
"misunderstanding," and "no understanding." These understanding levels were 
taken into consideration as an element of the mental models. Taking these elements 
into consideration, the mental models of students were determined as "quantum 
model," "classical model," and without any model" according to the aforementioned 
coding rules. In order to prove qualitative research reliability, another physics 
education researcher was also asked to do the coding. A replication of the coding 
was done by this researcher and the agreement between results was over 90%. 


Results 

In this section, data gathered through interviews were analyzed both 
qualitatively and quantitatively, and the mental models formed by students about 
the concept of spin are given in Table 1. Moreover, English equivalents of Turkish 
words in the drawings made by the students during the interviews are given in 
parentheses. The categories codified as "mental models" that reflect the mental 
models of students about the concept of spin were determined as "quantum model," 
"classical model," and "without any model." 

Students’ Mental Models about the Concept of Spin 

The comprehension levels of pre-service physics teachers who participated in the 
study and the models corresponding to their comprehension levels are given in Table 
1. As can be seen in Table 1, all of the introductory level students have 
misunderstandings about the concept of spin. 
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Table 1 

Pre-Service Physics Teachers' Mental Models of the Concept of Spin and Their Level of 
Comprehension 





Stndents(N) 

Mental Model 

Understanding level 

Description 

Nil 

n al 

Classical model 

Misunderstanding 

Spin is the rotation of the 
particles around their 
own axis. 

18 

6 

Quantum 

model 

Complete understanding 

Spin is an intrinsic 
property of particles. 

- 

16 

Without any 

model 

No understanding 

Spin is one of the 
quantum numbers. 

4 

1 


IL: Introductory level students, AL: Advanced level students 


Classical model. The model they mentally created about the concept of spin was 
completely unscientific, and it merely consisted of explanations based on classical 
ideas. Almost all of the introductory level students (18 students out of 24) visualized 
the concept of spin as a "rotating" object. In all the drawings they made and the 
explanations they gave, they interpreted spin as a magnitude that is a result of the 
rotation of the electrons (or particles) around their own axis (Figure 2). Below are 
three examples of answers given by introductory level students: 

Spin is the turning direction of particles such as electrons. It either gets the value ofVz or 
-14 (five students) 

It is the spinning movement of the electrons that are around an atom's nucleus, (nine 
students) 


Spin is a movement that stems from the turning of a particle around its own axis like a 
circular motion, (four students) 



(p orbital) 


(Nil-16, Nal= 2) 
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Figure 1. Diagrammatic descriptions of atomic structure drawn by introductory 
and advanced level students 

Six of the advanced level students had a misunderstanding about the concept of 
spin. Moreover, these six students indicated that spin is a number without unit. 
Noteworthy expressions drawn from the interviews made by these students are as 
follows: 

Spin is the orientation movement of the electron on the axis. It can be thought of as 
the orientation of the vector in positive and negative directions. It becomes a positive 
for the upward orientation, and it becomes a negative for the downward orientation, 
(four students) 

An electron turns around both its own axis and the atom. Spin results from its 
movement around its axis, (two students) 

The atom model in the minds of the students who define the concept of spin as 
the turning movement of the electrons around their own axis is the atom model 
given in Figure 1. During the interview, a question related to the atom model was 
deliberately asked by the researcher. The aim in asking this question was to 
understand whether or not the mental models of students who define spin as a 
turning movement was indeed a classical atomic model. The atomic model drawn by 
16 out of 18 students who have a classical model for the concept of spin was similar 
to the atomic model provided in Figure 1. Moreover, all of the introductory level 
students indicated that the spin value of an electron is a dimensionless number and 
that it cannot have a unit. 

(direction of rotation) 

( 5 ) 

/ 

fj, *p IV'A ^ 

(spin up) 


(direction of rotation) 

<4/ 'P&'vne y&u 



(spin down) \J 


(Nil-18, Nal= 6) 

Figure 2. Drawings of introductory and advanced level students for the concept 
of spin 


Quantum model. The explanations given by 16 advanced level students were 
codified as "quantum model," because all of these students defined the concept of 
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spin as a magnitude stemming from the intrinsic property of the matter. It was 
observed that the quantum model was dominant in the drawings and the atomic 
model of students who indicated that the concept of spin has no correspondence in 
classical physics (Figure 3 and 4). There is a consistent correlation between the atomic 
models of these students and their explanations about the concept of spin. Almost all 
of the advanced level students used "quantum theory" for explaining the atomic 
structure in their drawings. As can be seen in Figures 3 and 4, advanced level 
students explained the s and p orbitals by using the concept of probability in their 
drawings. These students easily stated that spin cannot be a quantity related to the 
movement of rotation since they thought that orbitals represent a volume of space 
where electrons are most likely to be found. Therefore, they defined spin as "a 
magnitude stemming from the intrinsic property of the matter" and as something 
that cannot be found in classical physics. Advanced levels students, who have a 
different atomic structure in their minds than that of the introductory level students, 
were therefore able to develop a scientific model related to the concept of spin. Some 
examples from the explanations made by advanced level students are given below: 

Spin is a magnitude that cannot be explained by classical physics laws and stems 
from the intrinsic property of the matter, (five students) 

They [Spin] are the orientation within the magnetic field. Spin orientations are 
either in the opposite direction to the magnetic field or are the same. As far as I 
know, these orientations are not like those in classical physics, it is like symmetry. 
(nine students) 



Eurasian Journal of Educational Research 


29 



5 O'rb'WV 

(s-orbital) 


-A- 


a 




i 


0 ofkWVv 

®i- orbUh 


Ra * 

O tyoiM* 


->x 


f 3 

P* 

___ 

< 


orblV^ 


rWWV 

T j/j (px-otbltaO 

Figure 3. Advanced level students' atomic structure with s and p orbitals 


As can be seen in Table 1, none of the students at the introductory level could 
provide a scientific explanation to the concept of spin. Eight out of sixteen advanced 
level students stated that the unit of spin is the Planck constant, and eight stated that 
it is a dimensionless magnitude. 

Without any model. As a result of the gathered data, all explanations that were not 
related to the concept of spin were collected under this model. Four introductory 
level students and one advanced level student were in this group. Some of the 
explanations made by the students are given below: 


Spin refers to dimension. In classical physics, it correspondence to the x and y 
coordinates, (one introductory level student) 

Spin is the incident of an electron losing its energy in time and falling on the core. 
This incident is known as spin, and therefore, we cannot talk about a unit, (three 
introductory level students) 

Spin is one of the quantum numbers of the electron. It is signified by "s," and is 
dimensionless, (one advanced level student) 
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As can be seen in the examples above, during the interviews students gave 
incomprehensible examples and explanations related to the concept of spin. Indeed, 
students indicated that they found the modern physics class interesting, but that 
since they did not have the chance to observe and process these magnitudes it was 
difficult for them to learn. 


Discussion and Conclusion 

In this study, the mental models pre-service teachers use while making 
explanations about the concept of spin, which has a highly important place in 
modern physics, were determined. As a result, students used three mental models 
while explaining the concept of spin. Most of the students tried to explain the 
concept of spin by likening it to the rotation of an object around its own axis. As a 
result of the analysis of the obtained data, it was seen that both groups (introductory 
level and advanced level) have different explanations for the concept of spin which is 
one of the most important concepts of modern and quantum physics. Almost all of 
the students at the introductory level (18 out of 24 students) consider the concept of 
spin as a quantity that result from the rotation of particles (electrons) around their 
own axis. This analogy, which is used in order to easily visualize the concept of spin 
in our minds, was perceived as a real incident by most of the introductory level 
students. Thus, it caused many misunderstandings. Trying to understand the world 
of subatomic particles by way of analogies usually leads conceptual confusion of 
students or it may cause them develop alternative concepts. This may lead them to 
perceive non-scientific knowledge or things that clash with scientific knowledge as 
real. Evidently, most of the introductory level students in this study chose to explain 
the concept of spin by attributing a classical meaning to it, such as trying to explain it 
by the rotation of an object around its own axis. Indeed, thinking of the concept of 
spin as a rotation of the electrons or atoms around their own axis would make it easy 
to understand. However, if we make an attribution to this situation beyond analogy 
it would hinder meaningful learning and lead to incorrect models in the students' 
minds. 

The reasons for these incorrect mental models found in the results of the study 
may originate from a variety of sources, such as students' preconceptions learned in 
high school or textbooks written on this subject. In some of the textbooks written by 
Turkish and foreign authors, the concept of spin has been defined by such 
expressions as "a kind of internal angular momentum" (Bernstein, Fishbane & 
Gasiorowicz, 2000), "angular momentum" (Feynman, 1965), and "the rotation of the 
electron around its own axis" (Aygiin & Zengin, 1998). Because the first two of these 
expressions are about the magnitude that is revealed from the rotation of an object in 
classical physics, using them to explain spin may be misleading for students and may 
trigger the formation of incorrect models. The expression used by Aygiin and Zengin 
(1998) is completely incorrect, and is an expression that contradicts the special theory 
of relativity (Barnett, Mtihry & Quinn, 2000; Dereli & Vercin, 1999) because the 
angular momentum in classical physics is equal to the sum of the angular 
momentums of all particles constructing the solid body with respect to the rotation 
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axis. Such an analogy for the concept of spin cannot be made. The rotation speed of 
the electron would exceed the speed of light if we imagine the electron as a "ball" or 
a "cloud" of electrical charge that rotates around the atomic nucleus. Even if we 
assume that the whole charge is located in a thin ring around the 'equator 1 , the 
angular momentum would be far too low to explain the experimentally observed 
spin of the electron. 

These contradictory expressions in the textbooks cause dilemmas and confusion 
about the concepts in students' minds. Under the light of the suggestions made by 
educators who have noticed this problem, some improvements were made in the 
textbooks of The Turkish Ministry of National Education (2008). With the changes in 
the high school curriculum, modern atom theory has been expanded in the 11 th 
graders' physics program, and the clear, comprehensible, and scientific expressions 
related to the concept of spin were thoroughly examined. 

In order to clear the doubts of these students, educators should be very careful 
when teaching this concept, and they should be careful with each expression they use 
related to this concept. While explaining this concept, educators should especially 
avoid using such concepts as "spin angular momentum" and "rotation." Should they 
use "rotation," students might continue perceiving the concept of spin as a 
magnitude resulting from the rotation of the electron around its own axis. A possible 
explanation for this behavior of the electron can be the concept of "magnetic 
moments." Thus, expressions such as "in the direction of the magnetic field" or "in 
the opposite direction to the magnetic field" may prevent the formation of the idea of 
"rotation" in students' minds, and thus a meaningful learning may take place. 


Conclusion 

The results of the current study may not present absolute or generalizable results. 
However, the result of this study about the concept of spin includes some examples 
that may pave the way for future studies, and it may be helpful for 
teachers/educators in teaching the concept of spin both in the high school 
(introductory level) level and in advanced level courses. With this study, mental 
models created both by introductory level and advanced level students related to the 
concept of spin were put forth. In order to highlight the root of these models, the 
atomic structure in the students' minds from both groups were also examined. As a 
result of this examination, it was seen that the students' models related to the concept 
of atom and models related to the concept of spin show similarities. One of the main 
reasons for the occurrence of such similar thought processes was that students from 
both groups attribute classical meanings to these concepts (spin and atom). It was not 
by chance that students who have a classical atom model (Bohr's atom model) also 
consider the concept of spin as the rotation of an object around its own axis. This case 
signifies to what extent their ideas about the structure of an atom is influenced by the 
atom models they learned in modern physics classes during their high school years. 
Therefore, it is necessary that the quantum model of an atom is emphasized through 
modern atom theories and through the concept of probability, especially at the high 
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school level, because the concept of probability is an important gateway that 
facilitates the transition from Bohr's atom model to the quantum atom model (Park & 
Light, 2009). The concept of probability has a function that would get rid of the 
obstacle in front of students' understanding of the atomic structure. 

This study provides some evidence of the pre-service physics teachers' 
understanding of the spin concept in quantum physics and the models that they used 
in explaining the concept. Thus, the models and expressions determined in this study 
about the concept of spin are such that they can be a source for further studies. 
Studies that include a wide number of participants would put forth the mental 
models of students, the alternative concepts, and the learning difficulties in a more 
comprehensive way. Moreover, whether or not students have similar or different 
mental models about the concept of spin may be researched with studies done in 
other countries that have different education systems. Researches of this nature 
would provide researchers the opportunity to compare the results on an 
international scale. 

Appendix 

1. What can you say about your conceptions of spin? 

Explain: 

2. Try to draw your mental image of the concept of spin? 

Explain: 

3. Does spin have a unit like the qualities as velocity, acceleration and mass? 

Explain: 

4. Try to draw a picture of an atom. Write down any necessary explanations next 

to the picture. 

Explain: 
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Fizik Ogretmeni Adaylannin Spin Kavramina Yonelik Zihinsel 
Modellerinin Araftirilmasi 


Atif: 

Ozcan, O. (2013). Investigation of mental models of Turkish pre-service physics 
students for the concept of "spin". Egitim Arastirmalari-Eurasian Journal of 
Educational Research, 52,21-36. 


Ozet 

Problem Durumu: Ogrencilere atom alti pargaciklardan olu§an dtlnyanm ozelliklerini 
ve kavramlarim ogretmek istiyorsak, onlarm ogrenmelerini zorla§tiracak veya 
zihinlerinde yanli§ modeller olu§turmalarmi saglayacak klasik fizik yasalarmi temel 
olan gizimlerden ve kavramlardan kagmmamiz gerekir. Ogrenciler, gunliik 
ya§antilan yoluyla geli§tirmi§ olduklari on kavramlara sahip olarak sirnf ortamma 
gelirler. Qogu zaman bilimsel gergeklerle geli§en bu dii§unceler kavram yamlgilan 
olarak ifade edilir. Ogrencilerin sahip olduklari kavramlar ile derslerde ogrendikleri 
yeni kavramlar arasmda bir bag olu§turulmali ve yanli§ kavramlarmm dogru 
olanlarla degi§tirilmesi ogretim siirecinde desteklenmelidir. Bu nedenle fizik egitimi 
ara§tirmacilarmm ogrencilerin ya§adiklari makro gevre ile ilgili sezgisel algilarma 
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odaklanarak bu algilari tarumlamak ve algilann atom alti pargaciklardan olu§an 
diinya igin gegerlik sirurlarmi etraflica ortaya koymalari onemlidir. 

Farkli tipteki ogrenci zorluklari arasmda, yapilandirilmi§ bili§sel kavramlar veya 
zihinsel model kaynakli ara§tirmalar fizik egitimcilerinin ilgiyle gali§tiklari 
konulardir. Zihinsel modeller, ogrencilerin degi§ik bilimsel kavram ve fikirleri 
betimleme yollarmi ortaya koymak igin yapilan fizik egitimi ara§tirmalarmm odak 
noktasiru olu§turmu§tur. Atom alti pargaciklardan olufan mikroskobik diinyarun 
soyut dogasmdan dolayi, ogrencilerin atomun yapisiyla ilgili zihinsel modellerin ve 
anlama dtlzeylerinin ara§tirilmasi fizik egitimi alamnda oldukga onemli bir yere 
sahiptir. Alan yazmda oldukga yogun gali§ilmi§ olan atomun yapisiyla ilgili 
ara§tirmalarm aksine bu gali§ma da yine atomun yapisi kadar onemli ve once ki 
ara§tirmalarda hig gali§ilmami§ bir kavram olan spin kavrami ile ilgili ogrencilerin 
zihinlerinde olu§turduklari modellerin neler oldugu sorusuna cevap aranmi§tir. 

Ara§tirmanm Amaci: Konuyla ilgili yapilan literattir ara§tirmasmda ogrencilerin spin 
kavramiyla ilgili zihinsel modelled ve bu kavramla ilgili dgrenme zorluklarma 
rastlanmami§trr. Bu noktadan hareketle yapilan bu gali§mada amag (a) tiniversite 
birinci sirufta egitim goren fizik ogretmen adaylari ile tiniversite tigtincti smifta 
egitim goren fizik ogretmen adaylarmm spin kavramma yonelik geli§tirdikleri 
zihinsel modelleri tespit etmek ve bu kavrama yonelik alternatif kavramlarmi ortaya 
koymak ve (b) kuantum fiziginde onemli bir yere sahip olan bu kavramla ilgili 
ogrencilerin sahip olduklari yanli§ anlamalari alan yazma kazandirmaktir. 

Arwjtwmamn Yontemi: Ogrencilerin spin kavramma yonelik zihinsel modellerini 
belirleyebilmek igin tiniversite birinci smifta dgrenim goren 24 ve tiniversite tigtincti 
smifta dgrenim goren 25 ogretmen adayi ile yari yapilandirilmi§ gorti§meler 
gergekle§tirilmi§tir. Gorti§meler yoluyla toplanan nitel verilerin analizi neticesinde 
ogretmen adaylarmm spin kavramma yonelik zihinsel modelleri tig temel model 
altmda toplanmi§tir. 

Ara§tirmamn Bulgulan: Yari yapilandirilmi§ gortifmeler yoluyla toplanan veriler hem 
nicel hem de nitel olarak analiz edilmi§ ve ogrencilerin spin kavramma yonelik 
zihinlerinde olu§turduklari modeller tespit edilmi§tir. Aynca gorti§me esnasmda 
ogrenciler tarafmdan yapilan gizimlerde yer alan Ttirkge kelimelerin parantez iginde 
Ingilizce kar§iliklari da verilmi§tir. Ogrencilerin spin kavramiyla ilgili zihinsel 
modellerini yansitan ve 'Zihinsel Model' olarak kodlanan kategoriler 'klasik model', 
'kuantum model', ve 'modelsiz' olarak belirlenmi§tir. 

'Klasik model' olarak kodlanan bu modelde ogrencilerin spin kavramma yonelik 
zihinlerinde olu§turduklari model tamamen bilimsel modelden uzak ve klasik 
fikirleri temel alan agiklamalardan ibarettir. Cmnku tiniversite birinci smif 
ogrencilerinin btiytik gogunlugu (24 ogrenciden 18'i) spin kavrammi zihinlerinde 
donen bir cisim olarak canlandirmi§lardrr. Yaptiklari gizimler ve agiklamalarm 
tamammda, spin'i pargaciklarm (elektron) kendi eksenleri etrafmda donmelerinin bir 
sonucu olarak ortaya gikan bir btiyiAkltik olarak yorumlami§lardir. 

Uguncii smrfta bulunan 16 ogrenci tarafmdan spin kavrami ile ilgili yapilan 
agiklamalar "kuantum model" olarak kodlanmi§trr. Cmnku bu ogrencilerin tamami 
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spin kavrammi maddenin ig simetrisinden (intrinsic property) kaynaklanan bir 
biiyukluk olarak tanimlami§lardir. Spinin klasik fizikte bir kar§iligmm olmadigmi 
belirten ogrencilerin yaptigi atom modeli gizimlerinde, kuantum atom modelinin 
baskm oldugu goriilmektedir. Bu ogrencilerin zihinlerindeki atom modeli ile spin 
kavrami hakkmda yaptiklari agiklamalar arasmda tutarli bir ili§ki vardir. Bu 
ogrencilerin tamamma yakm kismi gizimlerinde olasilikgi dil§unce bigiminin 
etkilerini ortaya koymu§lardir. 

Herhangi bir model altmda toplanamayan ve 'modelsiz' olarak kodlanan bu 
kategoride dort birinci smif ve bir de iigiincii smrf ogrencisi bulunmaktadir. Yapilan 
gorii§meler boyunca ogrenciler spin kavramim anlamsiz ornekler ve agiklamalar 
kullanarak betimlemeye gali§mi§lardir. Aslmda ogrenciler gorii§me sirasmda 
modern fizik dersini ilging bulduklariru, ancak giinluk ya§amda bu biiyukliikleri 
gozlemleme f anslari olmadigi igin ozumsemelerinin ve dgrenmelerinin zor oldugunu 
belirtmi§lerdir. 

Sonug ve Oneriler: Bu ara§tirma ile hem birinci smrf hem de tiguncu smif fizik 
ogretmen adaylarmm zihinlerinde spin kavramma yonelik olu§turduklari modeller 
ortaya konmu§tur. Spin kavramma yonelik bu modellerin kaynagma i§ik tutmasi 
agismdan her iki gruptan ogrencilerin zihinlerindeki atom modelled de 
incelenmi§tir. Bu inceleme neticesinde ogrencilerin atom kavramma yonelik 
modelled ile spin kavramma yonelik modelled arasmdaki paralellik oldukga 
ilgingtir. Bu benzer du§unme bigiminin ortaya gikmasmm ba§lica nedeni her iki 
gruptan ogrencilerin iki kavrama da (spin ve atom) klasik anlamlar yiiklemeleridir. 
Ogrencilerin yaptiklari gizimlerde, klasik atom modeli (Bohr atom modeli) fikrine 
sahip olanlarm spin kavrammi da bir donme hareketinden ibaret gormeleri tesadiif 
degildir. Bu durum lisede aldiklari modern fizik dersindeki atom modellerinin 
ogrencilerin atomun yapisiyla ilgili du§iincelerini onemli olgiide etkilediginin bir 
gostergesidir. Bu nedenle ozellikle lise dilzeyinde modern atom teorileri ve olasilik 
kavrami yoluyla atomun kuantum modeline agirlik verilmesi gerekmektedir. Otinkii 
Bohr atom modelinden quantum atom modeline gegi§i kolayla§tirabilecek onemli bir 
gegit olasilik kavramidir. Olasilik kavrami ogrencilerin atomik yapiyi anlamalarmm 
oniindeki engeli kaldirabilecek bir i§leve sahiptir. 

Oali§ma sonunda spin kavramiyla ilgili belirlenen modeller ve tammlamalar bundan 
sonra yapilacak olan diger gali§malara da kaynak olu§turacak niteliktedir. Geni§ 
ogrenci gruplarmm katilimiyla yapilacak olan ara^tirmalar, ogrencilerin bu 
kavramlarla ilgili zihinlerinde olu§turduklari modelleri, alternatif kavramlari ve 
ogrenme zorluklarmi daha etraflica ortaya koyacaktrr. Ayrica farkli egitim sistemine 
sahip ba§ka illkelerde yapilacak olan spin kavramiyla ilgili ara§tirmalarla, 
ogrencilerin zihinlerinde benzer veya farkli modellerin olup olmadigi ve zihinsel 
modellerdeki degi§imler ara§tmlabilir. Bu baglamda yapilacak olan ara§tirmalar hem 
fizik egitimi alanma katki saglayacak nitelikte olur hem de ara§tirmacilara sonuglan 
uluslararasi dtizeyde kar§ila§tirma firsati verir. 

Anahtar Sozcukler: Zihinsel modeller, modern fizik, spin kavrami, fizik ogretmen 
adaylan 



